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PREDICTIVE APPROACH TO CONTRACT
MANAGEMENT

BACKGROUND OF THE INVENTION

The present mvention relates generally to the field of
contract management, and more particularly to predictive
analysis ol contracts.

Generally, contract management refers to negotiating,
supporting, and creating eflective contracts and their respec-
tive terms and conditions. Contract management reporting,
involves monitoring details 1n contract parameters such as
tracking, milestones, and obligations. Typically, these details
are used to identily potential problem areas and are moni-
tored manually.

SUMMARY

Embodiments of the present invention provide methods,
computer program products, and systems for a predictive
approach to contract management. In one embodiment of the
present invention, a method 1s provided comprising: 1den-
tifying one or more contract parameters of a contract,
wherein each of the one or more contract parameters 1s
associated with a specified threshold; accessing historic data
comprising previously approved contract parameters; and
predicting acceptable contract parameters based, at least in
part on the historic data and the specified threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a block diagram of a computing environment, in
accordance with an embodiment of the present invention;

FIG. 2 1s a flowchart illustrating operational steps for
predictive analysis of contract parameters, in accordance
with an embodiment of the present invention;

FIG. 3 1s a flowchart illustrating operational steps for
analyzing contract parameters, in accordance with an
embodiment of the present invention;

FIG. 4 1s a flowchart illustrating operational steps for
determining a root cause for a delay using predictive analy-
s1s ol contract parameters, 1 accordance with an embodi-
ment of the present invention; and

FIG. 5 1s a block diagram of internal and external com-
ponents of the computer systems of FIG. 1, 1n accordance
with an embodiment of the present invention.

DETAILED DESCRIPTION

Embodiments of the present invention recognize the need
for more ellective contract management. Sometimes,
recording data from contracts can be transposed 1ncorrectly
(e.g., fee schedules). In other instances, embodiments of the
present invention recognize that certain contract parameters
such as clause language can be a source of delay 1n contract
negotiations. For example, two parties can dispute intellec-
tual property rights as to background intellectual property.
Embodiments of the present invention provide solutions to
identily contract parameters and predict, based, at least 1n
part, on historic data, optimal contract parameters and terms,
that would shorten negotiation and internal workflow cycles.
In this manner, as discussed in greater detail in this speci-
fication, embodiments of the present invention can be used
to predict contract parameters and terms without having to
manually identify and analyze these contract properties.

FIG. 1 1s a functional block diagram of computing envi-
ronment 100, 1n accordance with an embodiment of the
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2

present invention. Computing environment 100 includes
computer system 102 and computer system 110. Computer
system 102 and computer system 110 can be desktop com-
puters, laptop computers, specialized computer servers, or
any other computer systems known 1n the art. In certain
embodiments, computer system 110 and computer system
110 represent computer systems utilizing clustered comput-
ers and components to act as a single pool of seamless
resources when accessed through network 108. For example,
such embodiments may be used in data center, cloud com-
puting, storage area network (SAN), and network attached
storage (NAS) applications. In certain embodiments, com-
puter system 102 and computer system 110 represent virtual
machines. In general, computer system 102 and computer
system 110 are representative of any electronic devices, or
combination of electronic devices, capable of executing
machine-readable program instructions, as described in
greater detail with regard to FIG. 5.

Computer system 102 includes contract analyzer program
104 and data store 106. Contract analyzer program 104
identifies contract parameters, analyzes received contract
parameters, predicts contract terms likely to be accepted by
users, and generates suggestions based, at least 1n part, on
historic data to computer system 110 via network 108.
Contract analyzer program 104 saves analyzed contracts and
contract parameters in data store 106. The phrase “contract
parameter”, as used herein, refers to provisions of a contract
(e.g., parties involved 1n a contract, approvers of a contract,
clause language, contract terms, status, products involved,
reviewers, pending tasks, revisions, lines, events defined in
contract, relationships, attachments, security permissions,
value of the contract, conditions subsequent, etc.) as well as
any other contract metric of 1nterest to a user. For example,
a contract parameter may be the length of time between
contract negotiations to finalization of a contract, the time
period to be considered for analysis, etc. A contract param-
eter can also include contract terms. For example, contract
parameters can also be delivery days, payment terms, impor-
tant milestone dates, rates for labor, vendor type, trading
goods catalogue, etc. In this embodiment, a “template” can
refer to a pre-defined collection of clauses, approver lists,
etc. In general, a template can be any other historic data that
can be used for predictive analysis of contracts. In contrast,
an “instance” ol a contract can refer to the actual contract
being modified (i.e., a contract and its parameters and terms
that have been recerved for modification).

In certain embodiments of the present invention, contract
analyzer program 104 can further monitor changes to con-
tract parameters (e.g., modifications to a particular clause in
a contract), generate trend lines for modifications made to
boilerplate language based, at least 1n part on the analyzed
contract parameters, and identity potential problems with
contract clause language, as discussed 1n greater detail 1n
FIGS. 3-4. For example, contract analyzer program 104 can
monitor changes to a specific boilerplate contract clause
language regarding arbitration. Contract analyzer program
104 can i1dentily over a configurable time period (e.g., six
months) that the number of modifications to the arbitration
clause could indicate problems between parties using the
boilerplate and suggest different language that would be
acceptable. In general, data generated from the analysis
generated from contract analyzer program 104 can be fil-
tered by any user-defined criteria. For example, data can be
filtered based on contract region or suppliers.

In other embodiments of the present invention, contract
analyzer program 104 can then notily a user that changes to
the boilerplate language have been made. For example,
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contract analyzer program 104 can detect clause changes 1n
multi-lingual contracts by 1dentifying a modified clause. In
this embodiment, contract analyzer program 104 can access
a database of boilerplate contracts (1.e., standard contracts
used as templates), detect changes to boilerplate contract
language, and notily a user of changes to the contract. For
example, contract analyzer program 104 can access a boil-
erplate contract for suppliers in English and have boilerplate
contracts that are translated to diflerent languages (1.e., the
English boilerplate contract for suppliers translated to other
languages such as Spanish). Contract analyzer program 104
can then detect changes to the boilerplate contract language
by comparing a received, modified contract to the boiler-
plate contract. Contract analyzer program 104 can then
notify a user of changes to the boilerplate contract. In this
embodiment, conftract analyzer program 104 can set a
threshold number of changes and alert a user responsive to
reaching or exceeding the threshold value. For example, a
user may set the threshold for modifications to five modi-
fications. Responsive to reaching or exceeding five modifi-
cations, contract analyzer program 104 can send a notifica-
tion that the threshold has been reached. In this embodiment,
the alert can 1nclude the changed text as well as the boiler-
plate from which the changed text was based on. For
example, contract analyzer program 104 can detect that the
threshold value of modifications has been reached for an
arbitration clause. Contract analyzer program 104 can then
send an alert that includes the 1dentified modified arbitration
clause as well as the boilerplate arbitration clause.

In other embodiments, responsive to reaching or exceed-
ing the number of modifications, contract analyzer program
104 can prompt the user to confirm that the modifications
still conform to the broad outline of changes to the standard
legal boundaries allowed. The alert could further display the
modified text. In this embodiment, users maintaining the
standard templates 1n multiple languages can be alerted so
that corrective actions can be taken to avoid further delays
in contracts due to required changes. For example the
modification to an arbitration clause 1n country X 1s modi-
fied from “binding both parties to the decision of the arbiter”
to “the decision of the arbiter 1s non-binding on both parties
and legal action may be pursued”. Contract analyzer pro-
gram 104 can then alert the user (e.g., a template adminis-
trator) regarding the change to the arbitration clause and
turther suggest correct action (e.g., legal action after will-
tully submitting to arbitration cannot be pursued in country
X, although 1t may be legal 1n country Y). In other embodi-
ments, contract analyzer program 104 can suggest contract
language based, at least i part, on 1dentified contract
language 1n historic data that has been previously approved,
or alert the user to an action (e.g., contact a legal team,
contact an approver, etc.).

Data store 106 stores historic data of previous contracts
and contract parameters. The term “historic data”, as used
herein, refers generally to previously analyzed contracts and
contract parameters associated with previously analyzed,
approved contracts, as well as versions of approved con-
tracts that were rejected. For example, historic data can
include internal and external parties, approver profiles nego-
tiator profiles, clause language, terms, products, status and
time related metrics, modifications made to previously
approved clause language etc. In general, data store 106 can
be implemented with any storage medium known 1n the art.

Network 108 can be, for example, a local area network
(LAN), a wide area network (WAN) such as the Internet, or
a combination of the two, and include wired, wireless, or
fiber optic connections. In general, network 108 can be any
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4

combination of connections and protocols that will support
communications between computer system 102 and com-
puter system 110, 1n accordance with a desired embodiment
of the invention. For illustrative purposes, this embodiment
may be discussed with respect to computer system 102
receiving contract parameters and performing predictive
analysis to generate options for a user, it being understood
that either of the computer systems 102 and 110 can receiv-
ing contract provisions and perform predictive analysis to
generate options for the user. An “option” or “action”, as
used herein, refers generally to suggested contract language,
contract clauses, and/or an alert to a user to take specific
action.

FIG. 2 1s a flowchart 200 illustrating operational steps for
predictive analysis of a contract provision, in accordance
with an embodiment of the present invention.

In step 202, contract analyzer program 104 receives an
analysis request from computer system 110. In this embodi-
ment, an analysis request can include a contract 1n progress
and a description of a problem to be addressed. Examples of
the description of the problem can be a requirement that
turther corrections are required, the need to view the best
possible term values, the need to view clause modifications,
at risk or non-compliant parties need to be 1dentified, etc. In
other embodiments, contract analyzer program 104 can
receive a contract to be analyzed from one or more other
components of computing environment 100.

In step 204, contract analyzer program 104 identifies
contract parameters of the received contract. In this embodi-
ment, contract analyzer program 104 i1dentifies contract
parameters of the recerved contract by parsing the contract.
For example, contract analyzer program 104 can use natural
language annotations (e.g., sentence splitting, tokenization,
POS tagging, chunking, dependency parsing, and anaphora
resolution, etc.) to process the semantics of the contract and
identily contract parameters such as parties involved 1n a
contract, approvers ol a contract, clause language, contract
terms, status, products, etc. In other embodiments, contract
analyzer program 104 can receive user-defined contract
parameters.

In step 206, contract analyzer program 104 analyzes the
contract parameters and generates suggestions based on
historic data. In this embodiment, contract analyzer program
104 analyzes the contract provisions by accessing historic
data from data store 106 and generating suggestions for a
user, as discussed in greater detail in FIGS. 3 and 4.

In step 208, contract analyzer program 104 transmits the
analysis to computer system 110 via network 108. The
analysis can then be displayed 1n any user-defined visual
manner. In this embodiment, the analysis can be mapped to
show information about the analyzed contract. For example,
the analysis can be mapped to a relational data structure such
as a tree that can display contract parameters and other
contract metrics, as well as suggested actions. In other
embodiments, contract analyzer program 104 can transmit
the analysis to one or more other components of computing
environment 100. Additionally, contract analyzer program
104 can display an approval ratio of contract language (e.g.,
a contract clause) based, at least in part, on the overall
parameters of the contract. In this embodiment, a numerical
percentage scale 1s used where higher percentages indicate
a higher chance of approval. Accordingly, a high percentage
(e.g., a 60% chance of a successiul contract) indicates a
better chance ol contract execution with lesser approver
rejections, short negotiation cycles, and less delays due to
modifications 1n the standard language. Contract analyzer
program 104 can further suggest that if corrective action 1s
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taken on one of the contract parameters, the success ratio
will increase to 85%, thus predicting successiul outcomes.

FIG. 3 1s a flowchart 300 1llustrating operational steps for
analyzing a contract provision, in accordance with an
embodiment. For example, the operational steps of tflowchart
300 can be performed at step 206 of tlowchart 200.

In step 302, contract analyzer program 104 receives a
clause to be modified from computer system 110. For
example, contract analyzer program 104 can receive an
arbitration clause to be modified. In other embodiments,
contract analyzer program 104 can receive a clause to be
modified from one or more other components of computing,
environment 100.

In step 304, contract analyzer program 104 accesses
historic data from data store 108 and compares previously
approved clauses that match the type of clause to be modi-
fied. Continuing the example above, contract analyzer pro-
gram 104 accesses historic data that matches the clause
“type” to be modified (e.g., one or more previously approved
arbitration clauses) and selects contract clauses that match
the clause type to be modified. For example, contract
analyzer program 104 can select previously approved arbi-
tration clauses from data store 106, compare the previously
approved arbitration clauses to the arbitration clause to be
modified, and display the discrepancies or allow users to
select previously approved arbitration clauses as alternates
that would be likely candidates that would be approved.

In step 306, contract analyzer program 104 suggests an
action and/or contract language to modily the received
clause. In this embodiment, an action can be to 1insert
suggested contract language and/or an alert to a user to take
specific action. In this embodiment, contract analyzer pro-
gram 104 leverages the historic data to identify likely
contract language that would be approved based on the
profiles of the approvers by cross-referencing the likely
contract language with the profiles of the approvers. Con-
tinuing the example above, contract analyzer program 104
cross-references previous approvers associated with the pre-
viously approved arbitration clauses with the approvers
associated with the arbitration clause to be modified. For
example, contract analyzer program 104 can i1dentify from
the contract parameters that previously approved arbitration
clause AC,,, had approvers A and B and that arbitration
clause to be modified AC,;,, has approver A. Contract
analyzer program 104 can then suggest previously approved
arbitration clause AC,,, as the alternate contract clause that
would likely to be approved for the contract clause to be
modified (e.g., arbitration clause to be modified AC 5, ,). In
other words, contract analyzer program 104 can cross-
reference previous approvers associated with previously
approved contract clauses (e.g., an arbitration clause) with
approvers associated with the contract clause (e.g., the
arbitration clause) to be modified, tlag language modified
that differs and, to the extent that contract analyzer program
104 identifies the contract clause being modified has been
rejected 1n the past, can suggest alternate contract clauses
that have been approved in the past.

Contract analyzer program 104 can then display a visual
representation of the analysis (1.e., suggests an action and/or
contract language to modily the received clause). In this
embodiment, contract analyzer program 104 can display the
suggested action and/or suggested contract language n-line
with a flagged contract clause. For example, an arbitration
clause could be flagged as being inconsistent with local
laws. Contract analyzer program 104 can then display the
suggested contract language that would be consistent with
local laws. For example, contract analyzer program 104 can
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6

visually display a suggestion to change the arbitration clause
which currently states that “the decision of the arbiter 1s
binding to both parties” to “the decision of the arbiter 1s
non-binding on both parties”. In other embodiments, con-
tract analyzer program 104 the visual representation of the
analysis can be 1n the form of a new document highlighting
potential 1ssues along with the suggested changes. Other
embodiments of the present invention can generate a new
document (1.e., a new contract) that previews what the
contract being modified would look like with the accepted
changes that contract analyzer program 104 generated.

In another embodiment, contract analyzer program 104
can further display other relevant information to the contract
parameters with the analysis. In this embodiment, contract
analyzer program 104 can parse through historic data to
display other relevant information to contract parameters
with the analysis. For example, contract analyzer program
104 can 1dentily a contract parameter as “approvers” along
with a description that further corrections are required.
Contract analyzer program 104 can then display other rel-
evant information identified from historic data to the user.
For example, contract analyzer program 104 can display
previous clauses that were rejected by approvers and suggest
contract language that would likely be approved by the
approver as well as diflerent actions a user can take (e.g.,
contact the approver or contact a legal team to finalize
contract language).

In another example of other relevant information that
contract analyzer program 104 can display with the analysis
pertains to parties that may or may not be at risk of
non-compliance with regulations. For example, contract
analyzer program 104 can parse through historic data to
display relevant information to a contract parameter pertain-
ing to suppliers along with a description that suppliers may
be non-compliant or at risk. Contract analyzer program 104
can, in addition to suggesting contract language to mitigate
a supplier’s risk, display relevant information such as time
taken by a supplier for activation, the status of a contract,
and disputed 1tems.

In another embodiment, contract analyzer program 104
can also display modification data in addition to the previ-
ously generated suggestions based on the historic data. For
example, contract analyzer program 104 can parse through
historic data to generate a trend line of modification data for
a recerved contract analysis request. The term “modification
data”, as used herein, refers to data 1n one or more received
contracts that have been modified and/or changed in some
way. For example, modification data can track modifications
from standard language, alternate clauses used, terms modi-
fied 1 the clauses, changes made by the other party,
amended clauses, approvers who rejected clause changes,
etc. Contract analyzer program 104 compares changes made
to contract parameters by parsing through the contract and
comparing the current contract to a boilerplate contract (i.e.,
a template contract) accessed from data store 106. Contract
analyzer program 104 can then identily changes and gener-
ate a trend line that indicates problems with the template
contract.

FIG. 4 1s a flowchart 400 illustrating operational steps for
determining a root cause for a delay using predictive analy-
s1s ol contract parameters, 1n accordance with an embodi-
ment of the present invention. For example, the operational
steps of flowchart 400 can be performed at step 206 of
flowchart 200.

In step 402, contract analyzer program 104 receives one
or more contract parameters to be analyzed from computer
system 110. For example, contract analyzer program 104 can
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receive the following contract parameters: product in line
clauses, contract approvers, clauses from contract templates,
external parties, terms from templates, reviewers, sub-status.
In other embodiments, contract analyzer program 104 can
receive a clause to be modified from one or more other
components ol computing environment 100.

In step 404, contract analyzer program 104 generates an
estimated timeframe for the received contract. In this
embodiment, contract analyzer program 104 can generate an
estimated timeframe for the received contract for contract
parameters like approvals, reviews, negotiation, etc. In this
embodiment, contract analyzer program 104 accesses his-
toric data from data store 106 and compares the respective
contract parameters (1.e., the current contract parameters
being analyzed to similar contract parameters of executed
contracts) to generate an estimated timeirame for a received
contract analysis request.

Continuing the example above, contract analyzer program
104 accesses data store 106, 1dentifies contract parameters
similar to the current contract parameters being analyzed,
and compares the contract parameters being analyzed to
similar contract parameters that have been executed. For
example, contract analyzer program 104 can compare the
contract parameters of product in line clauses, contract
approvers, clauses from contract templates, external parties,
terms from templates, and reviewers to previously executed
contracts having one or more of the contract parameters of
the contract parameters being analyzed and generate the
tollowing data: an average number of days for execution and
an average period for each activity (e.g., negotiation,
approval, and review). Contract analyzer program 104 can
then generate an estimated timeframe for the recerved con-
tract analysis request based, at least 1n part on the contract
parameters and the average number of days for execution
and an average period for each activity.

In step 406, contract analyzer program 104 identifies a
root cause for delays in contract formation. In this embodi-
ment, contract analyzer program 104 compares the esti-
mated timeframe of the received contract to the actual
timeline of the contract and attributes a delay to a contract
parameter that has exceeded the estimated timeframe for
completion. For example, based on the comparison, contract
analyzer program 104 can identify that a contract parameter,
such as “negotiation” has exceeded the estimated timeline
and 1s now two weeks past the estimated timeline target date.
Contract analyzer program 104 can then 1dentily that “nego-
tiation” 1s a likely cause of delay based, at least 1n part, on
the contract parameters, the estimated time frame of the
received contract, and the actual timeline of the contract.

In step 408, contract analyzer program 104 suggests an
action for a user to take based, at least in part, on the
identified root cause. In this embodiment, an action may be
suggested contract language and/or an alert to a user to take
specific action (e.g., setting a best possible value for terms,
use alternate clauses instead of standard clause, user can
contact an approver who rejected the changes, contact the
legal team to finalize contract, change term values to reflect
the capacity to deliver goods, use best rates suggested in
analysis, etc.). Continuing the above example, contract
analyzer program 104 can leverage the historic data stored
in data store 106 to identily likely contract language that
would be approved. In other embodiments, previous clause
language modified by other parties during a contract activity
(e.g., negotiation) can be displayed as a snapshot to show
non-acceptable language that had the highest modifications
or rejections from approvers of the contract.
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FIG. 5 1s a block diagram of internal and external com-
ponents ol a computer system 500, which 1s representative
of the computer systems of FIG. 1, 1n accordance with an
embodiment of the present invention. It should be appreci-
ated that FIG. § provides only an 1illustration of one 1mple-
mentation and does not imply any limitations with regard to
the environments in which different embodiments may be
implemented. In general, the components illustrated in FIG.
5 are representative of any electronic device capable of
executing  machine-readable  program  instructions.
Examples of computer systems, environments, and/or con-
figurations that may be represented by the components
illustrated 1n FIG. 5 include, but are not limited to, personal
computer systems, server computer systems, thin clients,
thick clients, laptop computer systems, tablet computer
systems, cellular telephones (e.g., smart phones), multipro-
cessor systems, microprocessor-based systems, network
PCs, minicomputer systems, mainirame computer systems,
and distributed cloud computing environments that include
any of the above systems or devices.

Computer system 500 includes communications fabric
502, which provides for communications between one or
more processors 304, memory 3506, persistent storage 508,
communications unit 512, and one or more input/output
(I/0) interfaces 514. Communications fabric 302 can be
implemented with any architecture designed for passing data
and/or control information between processors (such as
microprocessors, communications and network processors,
etc.), system memory, peripheral devices, and any other
hardware components within a system. For example, com-
munications fabric 502 can be implemented with one or
more buses.

Memory 506 and persistent storage 508 are computer-
readable storage media. In this embodiment, memory 506
includes random access memory (RAM) 516 and cache
memory 518. In general, memory 506 can include any
suitable volatile or non-volatile computer-readable storage
media. Software 1s stored in persistent storage 508 for
execution and/or access by one or more of the respective
processors 304 via one or more memories of memory 506.

Persistent storage 508 may include, for example, a plu-
rality of magnetic hard disk drives. Alternatively, or in
addition to magnetic hard disk drives, persistent storage 508
can 1nclude one or more solid state hard drives, semicon-
ductor storage devices, read-only memories (ROM), eras-
able programmable read-only memories (EPROM), flash
memories, or any other computer-readable storage media
that 1s capable of storing program instructions or digital
information.

The media used by persistent storage 5308 can also be
removable. For example, a removable hard drive can be used
for persistent storage 508. Other examples include optical
and magnetic disks, thumb drives, and smart cards that are
inserted mnto a drive for transfer onto another computer-
readable storage medium that 1s also part of persistent
storage 708.

Communications unit 512 provides for communications
with other computer systems or devices via a network (e.g.,
network 108). In this exemplary embodiment, communica-
tions unit 512 includes network adapters or interfaces such
as a TCP/IP adapter cards, wireless Wi-F1 interface cards, or
3G or 4G wireless interface cards or other wired or wireless
communication links. The network can comprise, for
example, copper wires, optical fibers, wireless transmaission,
routers, firewalls, switches, gateway computers and/or edge
servers. Soltware and data used to practice embodiments of
the present invention can be downloaded to computer sys-
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tem 102 through communications unit 512 (e.g., via the
Internet, a local area network or other wide area network).
From communications unit 512, the software and data can be
loaded onto persistent storage 508.

One or more /0O interfaces 514 allow for input and output
of data with other devices that may be connected to com-
puter system 300. For example, I/O interface 3514 can
provide a connection to one or more external devices 520
such as a keyboard, computer mouse, touch screen, virtual
keyboard, touch pad, pointing device, or other human inter-
tace devices. External devices 520 can also include portable
computer-readable storage media such as, for example,
thumb drives, portable optical or magnetic disks, and
memory cards. I/O intertace 514 also connects to display
522.

Display 522 provides a mechanism to display data to a
user and can be, for example, a computer monitor. Display
522 can also be an mcorporated display and may function as
a touch screen, such as a built-in display of a tablet com-
puter.

The present invention may be a system, a method, and/or
a computer program product. The computer program prod-
uct may include a computer readable storage medium (or
media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present invention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but 1s not limited to, an
clectronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
1s not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program instructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface 1 each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage i a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler

10

15

20

25

30

35

40

45

50

55

60

65

10

instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written 1n any combination
of one or more programming languages, including an object
oriented programming language such as Smalltalk, C++ or
the like, and conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider). In some embodiments, elec-
tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLLA) may execute the computer
readable program 1nstructions by utilizing state information
of the computer readable program instructions to personalize
the electronic circuitry, 1n order to perform aspects of the
present mvention.

Aspects of the present invention are described herein with
reference to flowchart 1llustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the mvention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks 1n the
flowchart 1llustrations and/or block diagrams, can be 1mple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function 1n a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified 1n the flowchart and/or block diagram block or
blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer 1mple-
mented process, such that the instructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified 1n the flow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams 1n the Figures 1llustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block 1n the flowchart
or block diagrams may represent a module, segment, or
portion ol instructions, which comprises one or more
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executable instructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted 1n the block may occur out of the order noted
in the figures. For example, two blocks shown 1n succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block dia-
grams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.

The descriptions of the various embodiments of the
present invention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill 1n the
art without departing from the scope and spinit of the
invention. The terminology used herein was chosen to best
explain the principles of the embodiment, the practical
application or technical improvement over technologies
found 1 the marketplace, or to enable others of ordinary
skill in the art to understand the embodiments disclosed
herein.

What 1s claimed 1s:

1. A method comprising;

identifying, by one or more computer processors, one or
more contract parameters ol a contract via natural
language processing, wherein each of the one or more
contract parameters 1s associated with a specified
threshold;

mapping, by the one or more computer processors, the
identified one or more contract parameters of the con-
tract to a relational data structure:

accessing, by the one or more computer processors,
historic data comprising previously approved contract
parameters;

predicting, by the one or more computer processors,
acceptable contract parameters based, at least 1n part,
on the historic data and the specified threshold;

suggesting, by the one or more computer processors, a
first corrective action to increase a percentage of like-
lthood of success;

responsive to receiving the first corrective action, track-
ing, by the one or more computer processors, modifi-
cations made by a user to contract language associated
with the contract parameters of the contract;

generating, by the one or more computer processors, an
estimated timeframe for completion of the contract
based, at least in part, on the historic data comprising
the previously approved contract parameters, one or
more predicted sources of delay, and whether the user
has selected the first corrective action;

responsive to generating the estimated timeframe for
completion of the contract, displaying, by the one or
more computer processors, the estimated timeframe for
completion of the contract in-line with the contract;

generating, by the one or more computer processors, a
visual representation of the predicted acceptable con-
tract parameters, the percentage of likelihood of suc-
cess for the contract language associated with the
contract parameters, the suggested first corrective
action, and the estimated timeline; and

displaying, by the one or more computer processors, the
visual representation in-line with the contract.
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2. The method of claim 1, wherein predicting, by the one
Or more computer processors, acceptable contract param-
cters based, at least in part, on the historic data and the
specified threshold comprises:

comparing, by the one or more computer processors, the

historic data associated with the previously approved
contract parameters to the contract parameters of the
contract; and

suggesting, by the one or more computer processors, the

acceptable contract parameters based, at least 1n part,
on the historic data associated with the previously
approved contract parameters.

3. The method of claim 2, further comprising:

responsive to reaching a configurable threshold of modi-

fications to the contract parameters, suggesting, by the
one or more computer processors, a corrective action to
a user.

4. The method of claim 1, wherein generating, by the one
or more computer processors, an estimated timeframe for
completion of the contract comprises:

comparing, by the one or more computer processors, the

historic data associated with the previously approved
contract parameters to the contract parameters of the
contract; and

generating, by the one or more computer processors, the

estimated timeframe for completion based, at least 1n
part, on the historic data associated with the previously
approved contract parameters.

5. The method of claim 4, further comprising:

identifying, by the one or more computer processors, one

or more sources of delay 1n drafting the contract; and
responsive to identifying the one or more sources of delay
in drafting the contract, suggesting, by the one or more
computer processors, a corrective action based, at least
in part, on the identified one or more sources of delay.

6. A computer program product comprising;

one or more computer readable storage media and pro-

gram 1nstructions stored on the one or more computer

readable storage media, the program instructions com-

prising;:

program 1nstructions to identily one or more contract
parameters of a contract via natural language pro-
cessing, wherein each of the one or more contract
parameters 1s associated with a specified threshold;

program 1nstructions to map the identified one or more
contract parameters of the contract to a relational
data structure;

program 1nstructions to access historic data comprising
previously approved contract parameters;

program 1nstructions to predict acceptable contract
parameters based, at least in part, on the historic data
and the specified threshold;

program 1nstructions to suggest a first corrective action
to increase a percentage of likelihood of success;

program 1nstructions to, responsive to receiving the
first corrective action, track modifications made by a
user to contract language associated with the contract
parameters ol the contract;

program 1nstructions to generate an estimated time-
frame for completion of the contract based, at least
in part, on the historic data comprising the previ-
ously approved contract parameters, one or more
predicted sources of delay, and whether the user has
selected the first corrective action;

program 1nstructions to, responsive to generating the
estimated timeframe for completion of the contract,
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display the estimated timeframe for completion of
the contract in-line with the contract;
program instructions to generate a visual representation
of the predicted acceptable contract parameters, the
percentage of likelihood of success for the contract
language associated with the contract parameters, the
suggested first corrective action, and the estimated
timeline; and
program 1nstructions to display the visual representa-
tion in-line with the contract.
7. The computer program product of claim 6, wherein the
program 1instructions to predict acceptable contract param-
cters based, at least in part, on the historic data and the
specified threshold comprise:
program 1instructions to compare the historic data associ-
ated with the previously approved contract parameters
to the contract parameters of the contract; and

program 1nstructions to suggest the acceptable contract
parameters based, at least 1n part, on the historic data
associated with the previously approved contract
parameters.

8. The computer program product of claim 7, the program
instructions stored on the one or more computer readable
storage media further comprise:

program instructions to, responsive to reaching a configu-

rable threshold of modifications to the contract param-
eters, suggest a corrective action to a user.
9. The computer program product of claim 6, wherein the
program instructions to generate an estimated timeirame for
completion of the contract comprise:
program 1instructions to compare the historic data associ-
ated with the previously approved contract parameters
to the contract parameters of the contract; and

program 1nstructions to generate the estimated timeframe
for completion based, at least in part, on the historic
data associated with the previously approved contract
parameters.

10. The computer program product of claim 9, the pro-
gram 1nstructions stored on the one or more computer
readable storage media further comprise:

program 1nstructions to identily one or more sources of

delay in drafting the contract; and

program instructions to, responsive to identifying the one
or more sources of delay in drafting the contract,
suggest a corrective action based, at least 1n part, on the
identified one or more sources of delay.

11. A computer system comprising:

one or more computer processors;
one or more computer readable storage media; and

program 1nstructions stored on the one or more computer

readable storage media for execution by at least one of

the one or more computer processors, the program

instructions comprising:

program instructions to identily one or more contract
parameters of a contract via natural language pro-
cessing, wherein each of the one or more contract
parameters 1s associated with a specified threshold;

program 1nstructions to map the 1dentified one or more
contract parameters of the contract to a relational
data structure;
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program 1nstructions to access historic data comprising
previously approved contract parameters;
program 1nstructions to predict acceptable contract
parameters based, at least 1n part, on the historic data
and the specified threshold;
program 1nstructions to suggest a first corrective action
to 1ncrease a percentage of likelithood of success;
program 1nstructions to, responsive to receiving the
first corrective action, track modifications made by a
user to contract language associated with the contract
parameters ol the contract;
program 1nstructions to generate an estimated time-
frame for completion of the contract based, at least
in part, on the historic data comprising the previ-
ously approved contract parameters, one or more
predicted sources of delay, and whether the user has
selected the first corrective action;
program 1nstructions to, responsive to generating the
estimated timeframe for completion of the contract,
display the estimated timeframe for completion of
the contract in-line with the contract;
program instructions to generate a visual representation
of the predicted acceptable contract parameters, the
percentage of likelithood of success for the contract
language associated with the contract parameters, the
suggested first corrective action, and the estimated
timeline; and
program instructions to display the visual representa-
tion 1n-line with the contract.
12. The computer system of claim 11, wherein the pro-
gram 1nstructions to predict acceptable contract parameters
based, at least 1n part, on the historic data and the specified
threshold comprise:
program 1nstructions to compare the historic data associ-
ated with the previously approved contract parameters
to the contract parameters of the contract; and

program 1nstructions to suggest the acceptable contract
parameters based, at least in part, on the historic data
associated with the previously approved contract
parameters.

13. The computer system of claim 12, the program
instructions stored on the one or more computer readable
storage media further comprise:

program 1nstructions to, responsive to reaching a configu-

rable threshold of modifications to the contract param-
eters, suggest a corrective action to a user.

14. The computer system of claim 11, wherein the pro-
gram 1nstructions to generate an estimated timeframe for
completion of the contract comprise:

program instructions to compare the historic data associ-

ated with the previously approved contract parameters
to the contract parameters of the contract; and

program instructions to generate the estimated timeframe
for completion based, at least in part, on the historic
data associated with the previously approved contract
parameters.
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